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Sir: 



I, Hong Xu, hereby declare and say that: 

(1) I am one of the applicants named in U.S. Application Serial No. 
09/634,171, filed with the United States Patent and Trademark Office on August 9, 2000; 

(2) I am familiar with the subject matter disclosed in U.S. Apphcation 
Serial No. 09/634,171, filed August 9, 2000; and have reviewed the applied reference, 
namely the article to E.M. Kakuno, et al., entitled "Structure, Composition, and 
Morphology of Electrodeposited COxFei.x Alloys", J. Electrochemical Soc, Vol. 144, No. 
9, September 9, 1997 pp. 3222-3226 that was cited in the Office Action dated September 
15, 2003; 



the claimed composition is not obvious relative to the disclosure of Kakuno, et al. cited 
by the Examiner in the Office Action dated September 15, 2003. Specifically, 
experiments were performed to show differences between the inventive CoFe film and a 
film that was reproduced in accordance with the disclosure of Kakuno, et al We also 



(3) Additional experiments and data have been carried out to establish that 



measured the film composition, magnetic moment, resistivity, B-H loops, crystallinity 
and impxirity concentration of the film prepared in accordance with the Kakuno, et al, 
disclosure and compared them to the CoFe film of the present invention. We also 
measured oxygen and nitrogen concentration in the plated films; 

(4) The experiments performed and reported in this Declaration were 
conducted by me, or they were carried out under my direct supervision or control; 

(5) Specifically, experiments have been performed to show that the cobalt- 
iron binary alloy electroplated film of the present invention has different properties as 
compared with the films that are obtained using the procedure disclosed in the Kakvino, et 
al. disclosure. Specifically, in the present invention a CoFe alloy composition prepared 
in accordance with the present invention was compared to the same alloy composition 
that was prepared in accordance with the disclosure of Kakuno, et al 

The properties of the electroplated CoFe films plated using the process of 
the present invention, as demonstrated herein, are significantly different from the CoFe 
films obtained using the process disclosed in Kakuno, et al. Since the present application 
and Kakuno, et al. use different plating processes, experiments comparing the two 
different techniques were conducted and the data provided herein shows that the alloy 
properties of electroplated CoFe films are not only related to alloy composition, but are 
also determined by other processing factors including the electroplating conditions, such 
as bath chemistry, with or without additives, mixing, current density, pH, temperature 
and magnetic field. 

The data provided herein also shows that CoFe films produced using the 
Kakuno, et al. procedure have a high impurity concentration of oxygen (5.7 atomic %) 
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and nitrogen (0.19 atomic %) as compared to the claimed films of the present application 
which are recited to be substantially fi:'ee of oxygen. This provides further support that 
the plating conditions affect alloy properties. 

Magnetic properties, especially magnetic moment, are extremely sensitive 
to impurity concentrations in the films. All the applicants of the present application have 
experience with an additive fi*ee bath. It is one of the spirits of the present application to 
invent an innovative way to prevent CoFe from oxidation during plating, and to use a 
sulfate only bath to prevent the other impurity incorporation such as nitrogen, thus high 
magnetic moment of at least 2.3 Tesla can be achieved. It is noted that the present 
application doesn't preclude the presence of some oxygen and iron oxide in the plated 
CoFe film. However, in order to achieve the magnetic moment of at least 2.3 Tesla, the 
plated CoFe films have to be substantially free of oxygen and other impurities such as 
nitrogen. 

(6) The electroplated film of the present invention was prepared using the 
method described in the application. Specifically, the CoFe alloy film of the present 
invention was provided by a process in which the film was electroplated from an aqueous 
chemical plating bath. The plating bath for an electroplated CoFe alloy film having 64 wt 
% Fe produced from the method of the present invention comprises acetic acid present in 
a concentration of 12 g/1; boric acid present in a concentration of 25 g/1; CoSo4«7H20 
present in a concentration of 19.07 g/1; FeS04«7H20 present in a concentration of 47.76 
g/1; sodium benzene sulfinate present in a concentration of about 0.09 g/1; FC-95 
surfactant present in a concentration of 0.01 g/1; and NaCl present in a concentration of 
0.5 g/1. The plating bath for an electroplated CoFe alloy film having 76 wt % Fe 
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produced from the method of the present invention comprises acetic acid present in a 
concentration of 3 g/1; boric acid present in a concentration of 25 g/1; CoSo4«7H20 
present in a concentration of 19.07 g/1; FeS04«7H20 present in a concentration of 61.69 
g/1; sodium benzene sulfinate present in a concentration of about 0.09 g/1; and FC-95 
surfactant present in a concentration of 0.01 g/1; and NaCl present in a concentration of 
0.5 g/1. The pH of the plating bath for the 64 wt % and 76 wt % CoFe layer is 3.0. 

The electroplating operation was conducted in a paddle cell plating system 
at an average cathodic current density of between 10 mA/cm^ to about 20 mA/cm^. The 
paddle cell used for plating the inventive film is described in U.S. Patent Nos. 4,102,756 
and 3,652,442. In the set up, a Co anode and the wafer are parallel to each other in the 
horizontal direction with a separation distance of 3 mm. The paddle moves between 
anode and the wafer to provide vigorous and uniform mixing. The paddle cell improves 
the mass transfer of chemicals in the diffusion layer so that oxidation preventive chemical 
sodium benzene sulfinate can be transferred to the wafer surface efficiently to prevent the 
oxidation of plated Fe and Co during the plating process. In the meantime, continuous 
mixing in diffusion layer can stabilize the surface pH so that oxidation of plated Fe and 
Co can be minimized. The plating temperature was maintained at 21 .3°C accompanied 
by a paddle speed of 1 Hz. The plating apparatus included a cobalt anode. The wafer 
being plated comprises a conductive thin film of Cu. 

(7) The purpose of the following experiments aim to reproduce the CoFe 
films produced using the process disclosed in Kakuno, et al. using the conditions 
disclosed therein. The following table provides a description of the experimental set up 
that was used to form CoFe films provided in the Kakuno, et al. disclosure. 



4 



4t 



Kakuno's paper 



Reproduced conditions used 



Explain the differences 



Plating 
system 



Stationary parallel plate; 

Pt counter electrode; 

Ag/AgCl reference 
electrode 



Stationary parallel plate; 
250 ml solution in beaker 

Pt counter electrode; 

Hg/HgS04 reference electrode 



In Kakuno, et al., there is no 
information for the volume of 
the solution. A 250 ml 
solution was chosen for 
convenience. 

A different reference 
electrode was used. 
All potentials are versus 
Hg/Hg2S04 reference, which 
is 0.4 V more positive than 
Ag/AgCl as reported in the 
paper. So the -1.6 V 
corresponds to Kakuno, et al. 
-1.2 V. 



Power supply 



EG&G PAR 
potentiostat/galvanostat 
(Model 273A) 



EG &G PAR 
potentiostat/galvanostat 
(Model 273A) 



Substrate 



(100) textured 
polycrystalline Cu plates 
mechanically polished 
with lum diamond and 
then chemically polished. 

Area of plates: 0.80 cm^ 

(see Figure 4 in 
Kakuno 's paper for the 
structure of the substrate) 



(100) textured polycrystalline Cu 
disks mechanically polished with 
Imn diamond 



Area of plates: 0.98 cm^ 

The following graph is the x-ray 
diffraction data for the Cu substrate 
and reproduced CoFe films 




When one compares the X-ray 
diffraction data between Kakuno, et 
al. and XRD data of the present 
invention, one will find that the Cu 
disks have the same structure as 
Kakuno *s plates, indicated by the 
same 2 theta location for die Cu 
(lll)andCu(002). The intensity of 
the peak is proportional to metal 
thickness. 

The striking difference, as shown by 
the magnitude of the Co(l 10) peak, 
is in the much lower degree of 
apparent crystallinity in the high-Fe 
Kakuno compositions (Fe64 and 
Fe76) as compared to the Fe76 fibn 
of the present invention. This means 
that the grains in the Kakuno films 
are much smaller and that the relative 
volume of intergranular space 
(proportional to intergranular area) is 
much larger, and/or that die Kakuno 
fihns are much less textured, again 
probably due to intergranular phases 
interfering with textured crystal 
growth. 



Bath 

chemistry 



Reagent grade Cobalt 
Sulfate and Iron 
Ammoniac Sulfate 
immediately prior to 
each experiment; 



Reagent grade Cobalt Sulfate and 
Iron Ammoniac Sulfate 
immediately prior to each 
experiment; 



We can't dissolve required Cobalt 
Sulfate and Iron Ammoniac- Sulfate 
for IM concentration at room 
temperature of 21 °C in our lab even 
overnight. 





X molar of metallic 
cobalt and 1-x molar of 
metallic iron. 


X molar of metallic cobalt and 0.7- 
X molar of metallic iron. 


In order to have a freshly prepared 
bath, 0,7M solution was used for 
plating. 0.7M concentration is 
ah-eady a highly concentrated 
solution. Study found that plated 
film composition is related to the 
ratio of Fe'^VCo^^ in the solution, not 
the absolute solution concentration 
(See results and discussion section). 


Temperature 


Room temperature; exact 
value not reported 


Room temperature of 21 


none 


Magnetic 
field 


not mentioned 


Not applied 


none 


PH 


As prepared, not 
adjusted; not reported 


As prepared, not adjusted; 
measured pH=3 . 5 5 


none 


Potential (V) 


-1.0,-1.2,-1.4 


-1.2 


Since a different reference electrode 
was used, the potential for the 
condition shown is after conversion. 


Surface 
quality 


Shiny surface 


Dark shiny surface 


Kakuno, et al. didn't mention 
whether the film is dark shiny or 
bright shiny. 



(8) Three CoFe samples (with Fe wt% 31.5, 51.7, 71.1, <lmicron) were 
plated in the stationary system using the reproduced conditions specified in section (7) of 
this paper to provide samples representative of the CoFe films produced by Kakuno, et al. 
Our study shoves that the composition of plated CoFe film is related to the iron/cobalt 
ratio in the solution, not the absolute concentration of Fe or Co in the solution. The three 
CoFe samples having the iron/cobalt ratio in the plating bath solution being tailored to 
provide CoFe samples having a Fe concentration equal to 31.5, 51.7, and 71.1 wt %. The 
CoFe samples produced by the reproduction conditions, specified in section (7) of this 
section, are consistent with the CoFe films depicted in FIG. 3 of the Kakuno, et al. 
disclosure. Referring to the following graph, the data points for the Co:Fe ratio in atomic 
weight percent obtained by XRF against the Co:Fe ratio in weight percent in the 
electrolyte measured fi*om the CoFe samples produced by the reproduced conditions 
recited in section (7) are consistent with the data depicted in FIG. 3 of the Kakuno, et al. 
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disclosure. The following comparison of the data produced by the reproduction 
conditions recited in section (7) of this paper to the data depicted in FIG. 3 of the 
Kakuno, et al. disclosure illustrates the accuracy in which the Kakuno, et al. process has 
been reproduced in the present declaration. 



Plot of Co:Fe ratio in atomic percent obtained by 
XRF analysis against Co:Fe ratio in weight 
percent in electrolyte 



♦ IBM reproduced film 




0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 

X electrolyte 



The figure shown above is provided to explain our rational for using the 
bath chemistry mentioned in the above table. We attempted to use the same 
concentration of IM cobalt sulfate and iron ammoniac-sulfate as described in the 
Kakuno, et al. paper. However, we couldn't dissolve IM cobalt sulfate and iron 
ammoniac-sulfate as used in the Kakuno, et al. article at room temperature in our lab 
even ovemight. In order to have a freshly prepared bath, a 0.7M solution was used for 
plating. A 0.7M solution is a highly concentrated solution. The above figure shows that 
plated film composition is related to the ratio of Fe^'^/Co^"^ in the solution, not the 
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absolute concentration. This figure agrees with Kakuno, et al. Hence, the figure shows 
that although we didn't use the same absolute salt concentration for the experiments as 
described in the Kakuno, et al. paper, absolute salt concentration won't effect the film 
concentration. 

(9) The Kakuno, et al CoFe films were plated in a stationary system 
without magnetic field using the reproduced conditions specified in section (7) of this 
paper. The inventive CoFe films were plated in a paddle cell with a paddle speed of IHz 
consistent with the process conditions recited in section (6) of this paper. The CoFe 
films plated in the stationary systems as practiced by Kakuno, et al. show isotropic 
properties instead of the anisotropic properties of the inventive CoFe films. Because of 
this isotropic behavior, magnetic moment data can't be obtained. Three CoFe films 
where deposited with the process disclosed in Kakuno, et al. using the reproduction 
conditions specified in section (7) of this paper, wherein the concentration of the metallic 
cobalt and metallic iron of the bath chemistry was modified to provide a CoFe film 
comprising 43 wt % Fe; a CoFe film comprising 64 wt% Fe; and a CoFe film comprising 
76 wt % Fe. A fourth CoFe film comprising 76 wt % Fe was produced using the 
inventive process, as specified in section (6) of this paper. 

Hysteresis curves (BH loops) were provided for each of the above- 
described CoFe films. Loop 1 represents the CoFe film produced by the Kankuno, et al. 
comprising 43 wt % Fe. Loop 2 represents the CoFe film produced by the Kankuno, et al. 
process comprising 64 wt % Fe. Loop 3 represents the CoFe film produced by the 
Kankuno, et al. process comprising 76 wt % Fe. Loop 4 represents the CoFe film 
produced by the inventive process, wherein the CoFe film comprised 76 wt % Fe. Loops 
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1-3 depict CoFe films having isotropic properties, wherein a magnetic moment is not 
obtained. Loop 4 depicts a CoFe film having anisotropic properties, in which a magnetic 
moment is obtained. 

In order to obtain magnetic moment values for the CoFe films produced 
firom the Kakuno, et al. plating composition, as recited in section (7) of this paper, two 5" 
wafers were plated with CoFe films using a plating bath chemistry that provided a CoFe 
alloy film comprising Fe at 64 wt % in a paddle cell plating system, similar to the paddle 
cell plating system utilized by the present invention. This system has 800 Oe magnetic 
field applied perpendicular to the paddle moving direction. The Kakuno, et al. plating 
chemistry, room temperature, pH not adjusted (measured pH=3.55) and current density of 
20 mA/cm^ were used. CoFe films (Fe at 64 wt %) using the Kakuno, et al. plating 
chemistry showed anisotropic behavior, which enabled us to measure the magnetic 
properties. 

This study shows that the Kakuno, et al. films (Fe at 64 wt %) are dark and 
shiny and are very brittle. After low temperature annealing at 250°C for 8 hrs, the film 
broke completely into small pieces. Annealing is a qualitative method used to study the 
impurity contamination of the plated film, because impurity concentration deteriorates 
the mechanical property of the plated film and this effect can be magnified at an elevated 
temperature. The Kakuno, et al. films where annealed at low temperature to indicate the 
presence of impurities within the films deposited using the Kakuno, et al. method with 
the process reproduced conditions recited in section (7) of this paper. The brittie 
mechanical characteristics of the Kakuno, et al. film indicates high impurity content. In 
contrast, the inventive CoFe film comprising Fe at 64 wt % equal are still intact after 
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annealing. Fig 5 in the Kakuno, et al. disclosure shows cracks in the plated films, 
confirming this finding. Exhibit 2 is an original photocopy of page 3225 of the Kakuno, 
et al. paper that clearly shows the presence of cracks. This is especially seen in Fig. 5b. 
An attached optical photograph of the reproduced Kakuno, et al. film also shows cracks. 
See Exhibit 3. Exhibit 3 also shows an optical photograph of the inventive sample itself 
which doesn't show any cracks therein. 

The magnetic moment for Kakuno's CoFe films comprising Fe present at 
64 wt % is 2.2 Tesla compared with 2.4 Tesla for the inventive CoFe films comprising Fe 
present at 64 wt %. The resistivity of Kakuno's CoFe films at Fe 64 wt % is 44^Q-cm, 
while the inventive CoFe films comprising Fe present at 64 wt % is 38|iQ-cm. The low 
moment and high resistivity of Kakuno's CoFe films indicate high levels of impurity 
concentration in the plated films, which was confirmed by the impurity data discussed in 
the following pages. 

(10) Cystallinity for both the inventive and Kakuno, et al. plated films was 
also studied, as shown in Exhibit 4. Referring to FIG. 4, x-ray diffi-action was used to 
study the crystallinity of the plated films, prepared in accordance with sections (6) and 
(7) of this paper. By comparing the figure in Exhibit 4 and Figure 4 of the Kakuno, et al. 
disclosure, one will find that the Cu disks we used as substrates for plating had the same 
structure as Kakuno's plates, indicated by the same 2 theta location for the Cu (1 1 1) and 
Cu (002). The intensity of the peak is proportional to Cu plate thickness. The striking 
difference, as shown by the magnitude of the Co(l 10) peak, is in the much lower degree 
of apparent crystallinity in the high Fe wt % CoFe films produced in accordance with the 
Kakuno, et al. disclosure (64 wt% Fe and 76 wt% Fe) as compared to the CoFe film (76 
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wt% Fe) produced in accordance with the present invention, where the degree of 
crystallinity of the plated film is related to the number of peaks and the intensity of these 
peaks. This means that the grains of the Kakuno, et al. films are much smaller and that 
the relative volume of intergranular space (proportional to intergranular area) is much 
larger, and/or that the Kakuno, et al. films are much less textured, again probably due to 
intergranular phases interfering with textured crystal growth. Since the inventive film 
and Kakuno, et al. film were plated on the same Cu substrates, the difference in grain 
structure came fi*om the plated film itself The finer crystalline grain size and/or the lesser 
degree of texturing of the Kakuno, et al. CoFe film comprising 64 wt % Fe, as shown by 
x-ray diffraction, is completely consistent with a higher level of impurities, because of a 
relatively larger intergranular area occupied by a larger relative volume of impurities that 
interfere with orderly crystal growth. The fine crystalline grain size and/or lesser degree 
of texturing was also present in CoFe films produced fi"om the Kakuno, et al. plating bath 
comprising 76 wt % Fe, as shown by x-ray diffraction. 

(1 1) Phi Quantum 2000 Electron Spectroscopy for Chemical Analysis 
(ESCA) was used to analyze the impurity concentration in the plated CoFe films due to 
its high accuracy in low level impurity analysis. 5" CoFe films were plating in a paddle 
cell using Kakuno, et al. and the inventive bath chemistry and plating conditions, as 
specified in section (3) and (6), respectively. The target plated film composition utihzed 
in the Kakuno, et al. and inventive process is around Fe wt% 60 and Co wt% 40 for both 
films. ESCA depth profiles show that the film produced by the Kakuno, et al. process 
has oxygen content in the bulk as high as 5.7 atom %, while the bulk oxygen content in 
the inventive film is well below 1 atom %. ESCA data also shows that Kakuno's film has 
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nitrogen content of 0.19 atomic%, while the inventive film is nitrogen free. This is 
because Kakuno's bath contains Iron Ammoniac Sulfate, while the bath of the present 
invention has no N-containing constituents. The ESCA data for the above-described films 
is depicted on Pages 12-14. Because of the high impurity concentration, the composition 
of Kakuno's film is Fe 59 atomic%, Co 35 atomic% and impurity 6 atomic%. The 
inventive film has the composition of Fe 60 atomic%, Co 40 atomic% and the impurity 
less than 1 atomic%. The above composition is express in atomic% because ESCA 
analysis resulted in atomic%. 

The reason why impxirities such as O or N can reduce the magnetic 
moment is that the bulk magnetic moment is a fiinction of the density of atomic magnetic 
moments per unit volume. The presence of O and N impurities dilutes the magnetic 
moment by reducing the volume fraction of the magnetic atoms Fe and Co. Furthermore, 
oxygen converts a portion of the high-moment Fe and/or Co into low or zero moment 
oxide compounds such as Fe203, Fe304, CoFe204, FeO or CoO which all have much 
lower magnetic moment than Fe and Co. 
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ESCA profile for the inventive film 

(Fe 60 atomic %, Co 40 atomic % and the impurity less than 1 atomic %) 
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During the analysis, the film was sputtered away and the Co, Fe and 
oxygen concentration were analyzed (the same was performed on the inventive film). 
Here, sputter time corresponds to the film thickness. At zero sputter time, the 
concentrations shown are at the film surface. The above figures show the concentration 
profile throughout the film. Most importantly, the oxygen concentration for the inventive 
film was less than 1 atomic % in the bulk. 

The following Figure is ESCA profile for the Kakuno, et al. film produced 
using the conditions recited in section (7). The profile shows that the oxygen 
concentration for Kakuno's film was as high as 5.7 atomic% in the bulk. 
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ESC A profile for Kakuno's film 

(Fe 59 atomic %, Co 35 atomic % and impurity 6 atomic %) 



Hong_Xu007.pro: Sulfate + Ammonium CoFe Plated Wafer: Sulfate + Ammonium CoFe Plated Waf Hitachi GST/SJ 

6.78076+000 max 

Fe2p1/Area1 : MD perp exit 



Hong_Xu007.prD 




30 



40 50 60 
Sputter Time (min) 



14 



H ong_Xu007. pro; Sulfate + Am m on tum CoFe Plated Wafer: Sulfate + Am m onium CoFe Plated Waf Hitachi GST/SJ 

6.0971 e + 001 m ax 

Fe 2p 1 /Area 1 : MD perp exit 



10 



Hong_Xu007.pro 




20 30 



40 50 60 

S putter Time (m in) 



Specie 



0 



N 



Atom % 5.7 i 0.19 



Suilide 
0.062 



Sulfate Co 
0.019 35 



Fe 
59 



The above figure is a closer look at the oxygen concentration shown in the 
figure on the previous page of this declaration. Specifically, this figure shows that the 
oxygen concentration for the prior art film disclosed in Kakuno, et al. is very high, not 
only on the film surface, but in the bulk as well. The above table shows that the average 
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bulk concentration of oxygen for Kakuno's film was as high as 5.7 atomic%5 and 
nitrogen was 0.19 atomic %. 

(12) Summary: The experiments in this declaration were performed to 
show differences between the inventive CoFe film and a film that was reproduced in 
accordance with the disclosure of Kakuno, et al. The table, which is provided above, 
illustrates that the same plating set-up as disclosed in the prior art paper was used as well 
as the same substrates for plating. We measured the film composition, magnetic moment, 
resistivity, B-H loops, crystallinity and impurity concentration of the film prepared in 
accordance with the Kakuno and compared them to the CoFe film of the present 
invention. We also measured oxygen and nitrogen concentration in the plated films. 

Study shows that there are major differences between the Kakuno, et al. 
CoFe films and the inventive films at the same composition. The Kakuno, et al. film has 
a lower magnetic moment on the order of 2.2 Tesla and higher resistance compared with 
the inventive films. Kakimo's films show much less crystallinity in X-ray diffraction, 
i.e., have finer grain size and/or less texturing. Kakuno's films are very brittle and 
collapsed after annealing at a relatively low temperature. All these indicate that the 
Kakuno, et al. films have high levels of impurities incorporated to the plated films. 
ESCA data fiarther confirmed that the Kakuno, et al. film has high oxygen content, as 
high as 5.7 atom%, and substantial nitrogen content, 0.19 atom%, while the inventive 
film has bulk oxygen concentration well below 1 atom% and is nitrogen-fi-ee. 

The Kakuno, et al. electroplating process is a different process fi"om the 
inventive CoFe plating process. We proved that CoFe film properties are determined not 
only by composition, but also by micro-structure of the film and impurity concentration. 
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which are directly affected by electroplating conditions. Kakuno, et al, use Iron 
Ammoniac Sulfate bath without any additives, while in the present invention a purely 
sulfate bath with an additive to prevent the impurity incorporation into the plated films is 
used. Study shows that although current density disclosed in the Kakuno, et al, paper is 
10-50 raA/cm^, which overlaps the disclosed 3-40 mAJcm\ plating bath chemistry is the 
key to plate a high moment CoFe films with extremely low oxygen and firee of nitrogen 
impurities, which directly affect the plated film properties. 

(13) All statements made herein, of my own knowledge, are true, and that 
all statements made on information and belief are believed to be true; and further that 
these statements are made with the knowledge that willful false statements and the like so 
made may be punishable by fine or imprisonment or both, under Section 1001 Title 18 of 
the U.S. code and that such willful false statements may jeopardize the validity of the 
application or any patent issuing therefrom. 

Dated: \ //^t^ ^^ P^ 




Hong Xu 



17 



/13/20a3 1225:22AM 

UO' 40 



Shb Instruments Mode' lOBA 



Loop 1 

10 Hz nWb 



Loop 2 
10 H2 nWb 



30 30 



20 29 



TO to 



0 0 



-10 



•30 <ro 



-<0 -40 




Metisuramants 

3-2003 00:2503 Procedufe: 

22E3VSUia3aSHT C0HSX3IHT It&IVZ: SlVECOUSCS TBEQ SlGSSk 

He 24, 33 Oe 59. f 7 Oc 1« 10 Hz .0X53 Oc 



1/13/2003 122G:51 AM 



Loop 1 

10 Hs nWb 



Shb Instruments Mode' luyA 



Loop 2 
10 Hz nNVb 



30 30 



20 20 



10 10 



0 0 



.10 -to 



-20 *S0 



-30 -30 



**0 ^ 




Measuroments 

0&1 3-2003 00:25:20 Procedufc: 

TEST MasURIWEHT COHSTSBT DRIVE IVERAHS 



I^Q 
10 Hz 



.QflOO Oe 



5CM Sbd^^'ov^c^ 



-I— -i- i^:^ 



03/2003 1229:07 AM. 

•4(5 iO 



Loop 1 

10 Hz nWti 

30 20 



Shb instruments Model luyA 



Loop 2 
10 Hs nWb 



20 20 



10 10 



0 0 



-TO -W 



-20 



-30 



•AO -CO 




Oersteds 



Measurements 

05 1 3-2003 00:28:44 Pfocedffo: 

rest iffiasuraEMEBT cwsrmr roivE avERftos 



10 Hz 



Oe 



3 



JUL. tiic* ^^£Jm i^-ito r-K iiitn Atx^ 



^11/2003 11:38:C2P>1. 

^ SCO 200 

J' 

Loop 1 

10 Hs n^Vb 

150 150 



Ljoop 2 
10 Hz nWO 



100 too 



50 50 



0 0 



-50 -50 



■lOO -100 



-wo -^o 



^00 ^00 



.4k;b y^r*' ^k^lid lU yi51bV4243GS P. 12/21 

Shb Instruments Mode' 109A 




Measurements 

OG-1 1 '2003 23:37:45 Pioctdata: 

TEST lffiSSUBE«E2IT COHStSirr DIOVC AVESlkGCS 

6s nKb 99.87 Oe Ifi 



FREQ SIGXOl 
10 Hz . 2dlD nSb 



ff J. Eiectrochem, Soa^ Vol. 144. No. 9. September 1997 © The Electrochem, 



u'cal Sodet nc. 



32 




,■4?-;,. • , •;v .■ 



elusion about an increase of stress in the Co- 



rates 1 

rich ^posiU 

s^o^ the morphology of Cor^J^e. aDov^ 
in the center and in the edge of the de^sits^uh^eSe S 

Srev'^oS;' ^/^'^^ ™^ densit/and a J^herS^ 
gen evolution rate are expected due to the effect nf 
centrauon of the field, .^consequence :e?^'4S"a' 





depoutorid 



»edgeoflhe'electmie! 



pDojrK (o] crt Ae cnitar 6f the 



local enhancement of the pgj^Tie at edges which ran 

h»KM °f and GofGHK^n the electrode w-» The 

^oxphology of the edges of th7cu eke! 

ture at the edge can also be observed in the figure. ^ 
Conclusions 

The mass-transfer mechanism, occurring in the Co and 
Fe codeposition seems to be complex and probaWv 
Co7oHr con,pounds. su^ch as Fe(oV an^ 

«Ko ^P"^"*^^ electrodeposition of alloys 

with the same Co:Fe raUo present in thTbulk solution 

^sm^V^il' """fi^^^y °' electrodeposition mtS-' 
ittTn^r^^'-; ^^'^ * v^"es and good compo- 

s tiona] unifonmty can be easily obtained by potentiS- 
tic deposition from simple sulfated baths '""^"""^'-a- 
The cr^'stalline stmcture of the alloys creates texture 
over the whole range of alloy compositions. For high Fe 
concentration the deposits have a Vtructure mostly bcc 
whereas for high Co concentration the deposits aSS 
hcp_ A smaU fraction of fee phase observed in(^5SS:? 
with low Fe concentrations indicates a disorderelfST 

Sct'urT'ThiV/'' T''""'' from bcc to hep 

structure. This transition occurs around x = 0.7 where 
sonie Cojieffregation occurs and heterogeneous morpholo- 
gy of(depositjis observed. 

In ge'neraCthe morphology of alloys do not change dras- 
tically either as a function of the alloy concentration 
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Exhibit 4 



X-ray dif&action data for plated Kakuno film at Fe 43, 64 and 76 wt% and inventive fikn 
atFe76wt-%; 
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Figtire 4 from KakuDo's paper 
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